Received: July 2016, Accepted: October 2016 Background: The present study investigated the impact of land use on health risks (cancerous and non-cancerous) of heavy metals in soil along the Hemmat Highway of Tehran, Iran. Materials and Methods: A total of 28 soil samples were collected in August 2014 from the roadside soil of the Hemmat Highway. The collected samples were air-dried and digested, and then, analyzed for heavy metals using an atomic absorption spectrophotometer (AAS). Non-carcinogenic and carcinogenic health risks were calculated for different land uses (green space, residential area, under construction, and natural) along the Hemmat Highway. Results: The hazard index (HI) of Pb, Zn, Cd, Cr, and Ni was, respectively, 0.28, 0.19 × 10 -2 , 0.032, 0.043, 0.006 for children, and was 0.037, 0.24 × 10 -3 , 0.014, 0.012, 0.76 × 10 -3 for adults. Carcinogenic risk of metals was analyzed for Cd, Cr, and Ni. The carcinogenic risk of Pb, Ni, Zn, and Cd was 0.144 × 10 -7 , 0.427 × 10 -6 , and 9.41 × 10 -2 , respectively. Conclusions: The carcinogenic risk levels of the three studied metals were < 10 -6 with higher values attributed to Cr. HIs for all metals were lower than their threshold values, indicating nil health hazards. The results of risk assessment showed that the highest risk value was related to ingestion of Pb.
Introduction
Heavy metals have toxic, non-biodegradable, and accumulative properties, due to which they could have potentially adverse health effects on inhabitants. They may cause DNA damage, and may induce mutagenic, teratogenic, and carcinogenic effects (1) . For instance, the excessive intake of Pb can damage the nervous, skeletal, circulatory, enzymatic, endocrine, and immune systems (2) . The chronic effects of Cr and Cd dust or aerosol articulate matter intake through soil ingestion consist of lung cancer, pulmonary adenocarcinomas, prostatic proliferative lesions, bone fractures, kidney dysfunction, and hypertension (2) . Cu and Zn can change the function of the human central nervous system and respiratory system, and disrupt the endocrine system (3) . There is also evidence that chronic exposure to low doses of carcinogenic heavy metals may cause many * types of cancer (4) . Thus, heavy metals are important issue in the environment. Both natural (weathering, erosion of parent rocks, atmospheric deposition, volcanic activities, and etc.) and anthropogenic (sewage irrigation, the addition of manures, fertilizers and pesticides, domestic waste, industries and transportation, etc.) activities cause soil contamination by heavy metals (5-7).
The most common heavy metals released by vehicles on roads are cadmium (Cd), chromium (Cr), lead (Pb), nickel (Ni), and zinc (Zn) (8) ; thus, we studied these metals. Pollutants enter the human body through respiration, inhalation, and direct skin contact causing negative health effects (2, (9) (10) , especially in children, due to their underdeveloped immune systems and inadvertent ingestion of much dust through the hand-to-mouth pathway (3, 11) . It is estimated that 50-200 mg/day soil could be ingested by children (1) . Young children are particularly sensitive to heavy metal poisoning, because childhood is the period of maximal brain and body growth (8) . Therefore, it is important to assess the health risk of toxic metals in the environment. Metal levels of roadside dust are usually higher than other media (e.g., soils), and roadside dust can be re-suspended frequently; thus, individuals bicycling or walking on the roadside could easily be exposed to the toxicants in the dust (1) . Therefore, dust samples were studied in the present study. Roadside dust particles in urban regions have a high surface area and are easily transported and deposited, and carry a potentially toxic element load (8) . Tehran (the capital of Iran) is rated as one of the world's most polluted cities wherein, with rapid urbanization, industrialization, and population growth during the last two decades, the heavy metal pollution in urban soil and roadside dust has turned into a serious issue (12) . While numerous studies of heavy metal contamination via roadside soil have been carried out in developed countries (13) (9) . The mean concentrations were lower than both the soil environmental quality standards of China and the Canadian soil quality guidelines. Risk assessment was performed using the Department of Energy (DoE) model. They reported that the element of As may pose both carcinogenic and non-carcinogenic risks to human health. They also showed that the main exposure pathways of As to the human body are ingestion and inhalation of soil particles (9) . In Iran, Saeedi et al. reported that traffic and related activities, and petrogenic and pyrogenic sources could be the main anthropogenic sources of heavy metals and polycyclic aromatic hydrocarbons (PAHs) in street dust in Tehran (15). Keshavarzi et al. performed human health risk assessment, and studied chemical speciation and pollution level of selected heavy metals in urban street dust in Shiraz (Iran) (12) . They showed that carcinogenic risk and non-carcinogenic risk due to urban street dust exposure is acceptable in Shiraz. Gholampour from 0-5 cm of ground surface, and then, placed into polyethylene bags for transportation to the laboratory. According to the EPA, stainless steel scoops are suitable because they do not contaminate soil samples with the metals used in the construction of the samples (17) . The collected samples were air-dried at room temperature, ground, and sieved through a 230 mesh nylon sieve. For the total heavy metal content analysis, 600 mg of each dried sample was digested by HClO4, HCl, HNO3, and HF (Merck & Co., USA) (18) . The solutions of digested samples were analyzed for Cd, Ni, Pb, Cu, Zn, and Cr using an atomic absorption spectrophotometer (AA-700 series, Shimadzu Corp., Japan) flame mode. The detection limits of the spectrometer were 0.0150 mg/ml for Cd, 0.1250 mg/ml for Pb, 0.0075 mg/ml for Zn, and 0.0500 mg/ml for Ni. Different models are available for human health risk assessment of heavy metals in soil which are presented below.
1) World Health Organization Model
The approach proposed by the World Health Organization (WHO) was applied using the AirQ software (version 2.2.3, WHO European Centre for Environment and Health, Bilthoven Division, Netherlands) (12). (19) In this model, three ways of human body exposure to heavy metals were considered; (a) direct oral ingestion of soil particles (CDIing), (b) dermal absorption of elements (CDIdermal), and (c) inhalation of resuspended soil particulates through the nose or mouth (CDIinh).
2) Department of Energy Model

3) United States Environmental Protection
Agency Model This Model is similar to the DoE Model (20) . In the EPA model, the exposure dose was calculated for children and adults. The model used in this study to calculate the human exposure to roadside dust metals is based on that developed by the EPA. Health risk assessment model: The EPA model is based on five assumptions (21) . The first assumption is that human beings are exposed to roadside dust through the three main pathways of ingestion of dust particles, inhalation of dust particles, and dermal contact with dust particles. The second was that intake rates and particle emission can be approximated by those developed for soil. The third was that some exposure parameters of residents of the observed areas are similar to those of reference populations. The fourth was that total non-carcinogenic risk could be calculated for each metal (Pb, Cr, Zn, Cd, and Ni) by summing the individual risks of the three exposure ways. The fifth assumption was that total carcinogenic risk could be computed for each metal (As, Cd, and Cr) by summing the individual risks calculated for the three exposure ways. The equations provide by the EPA for calculating exposure amounts of potentially toxic metals through the three routes are listed below (20) .The dose received via each of the three paths was calculated using the following Equations (20):
Where Ding is the daily dose of hand-to-mouth ingestion of substrate particles, Dinh is the daily dose of inhalation of re-suspended particles through the mouth and nose, Ddermal is the daily The non-carcinogenic risks for individual metals were calculated using the following equation:
where HI is the hazard index, HQ is the hazard quotient, D is average daily dose calculated for each element and exposure pathway, and Rfd is specific reference dose given for each pollutant parameter. The particular reference dose (Rfd) (mg/kg.day) was an estimate of maximum permissible risk of a human population through daily exposure during a lifetime. If HQ or HI exceeds 1, there is a chance of occurrence of non-carcinogenic effects, with a probability which tends to increase as the value of HQ or HI increases (20) .
The potential was calculated using the following equation: CR = D × SF where SF is the corresponding slope factor. According to the EPA, if the value of CR is above 10 -4 -10 -6 , the exposed population is at risk.
Results
Concentrations of heavy metals in roadside soil
The concentrations of heavy metals in roadside soil are shown in table 3. The mean Pb, Cr, Ni, Zn, and Cd concentrations were 144 ± 89.90, 17.20 ± 9.02, 18.91 ± 6.62, 86.84 ± 46.72, and 3.86 ± 2.02 mg/kg, respectively. The non-carcinogenic risk was also calculated for different land uses and both adults and children, and the corresponding results are presented in tables 5-8.
Green space
As denoted in table 5, the non-carcinogenic health risk for children was higher than adults. 
Residential
The risk assessment results indicated that in residential use, the highest risk value was related to ingestion of Pb in children, whereas the highest risk value was related to ingestion of Cd in adults (Table 6 ). 
Under construction
The results of risk assessment in under construction areas are presented in table 7, wherein the highest risk value is related to ingestion of Pb.
Natural use
As demonstrated in table 8 and by the results of the used models, the non-carcinogenic health risks of children were higher than adults in natural areas. 
Discussion
The mean concentrations of Pb (144 ± 89.90 mg/kg) and Cd (3.86 ± 2.02 mg/kg) were considerably higher than the background level (100 mg/kg for Pb) (0.8 mg/kg for Cd) (22) . The mean concentrations of these heavy metals obtained by other researchers in Tehran were also higher than background level. Saeedi et al. reported the mean concentrations of Pb, Zn, Ni, and Cd in roadside soil of Tehran-Karaj Highway, Iran as 669.30 mg/kg, 614.312 mg/kg, 90.32 mg/kg, and 3.90 mg/kg, respectively (15) . The HQs of children through ingestion were averaged 7.5 times higher in comparison to adults. Outputs of the model indicated that the order of the major exposure routes to street dust for both adults and children were ingestion > dermal contact > inhalation. Ingestion is the major route of exposure to street dust for both adults and children. (12) . Some heavy metals (for example Pb) have a cumulative effect (25) . It has been reported that elements such as Zn, Pb, and Ni in the environment have a major influence on children's health. Considering the higher ingestion rate for children, the exposure of children to soil may exhibit higher potential health risks. Among the carcinogenic metals, Cd, Cr, and Ni were analyzed. The carcinogenic risk levels of these metals were < 10 -6 with higher values attributed to Cr (0.427 × 10 -6 ), followed by Cd (0.144 × 10 -7 ) and Ni (9.41 × 10 -9 ). Thus, the carcinogenic risks of these three studied metals were lower than the threshold values range (10 -6 -10 -4 ), above which environmental and regulatory agencies consider the risk unacceptable; therefore, it can be safely suggested that there was no cancer risk in Tehran city (9, 3, 12, 14) . The non-carcinogenic health risk for children was higher than that for adults. The risk assessment results showed that the highest risk value pertained to ingestion of Pb. In the green space, HI values decreased in the order of Pb > Cr > Cd > Ni > Zn for both children and adults; Pb exhibited the highest risk value, whereas Zn indicated the lowest risk value. The HQs for children averaged 2.3-8.2 times higher than adults. The HQs and HIs for all heavy metals were lower than 1, which indicated that the adverse health impact on children and adults exposed to heavy metals in road dust was relatively low in Tehran city. Among the carcinogenic metals, Cd, Cr, and Ni were analyzed for the said land use (green space). The carcinogenic risks for the studied metals were lower than the threshold values range (10 ) have the potential to affect the health status of residents, especially children. The chronic daily intake of metals is of major concern as their cumulative effect could result to numerous health complications in children and adults in the region. The results of risk assessment in under construction areas are shown in table 7, wherein the highest risk value pertained to Pb ingestion. In under construction use, HI values decreased in the order of Pb> Cr > Cd > Ni > Zn for children, and in the order of Pb > Cd > Cr > Ni > Zn for adults. Pb demonstrated the highest risk value, whereas Zn indicated the lowest value in both age groups. The HQs for children averaged 2.3-8.2 times higher than adults. The HQs and HIs for all heavy metals were lower than 1, which indicated that the adverse health impact on children and adults exposed to heavy metals in road dust was relatively low in under construction areas. Moreover, the carcinogenic risks for Cd (1.64 × 10 -8 ), Cr (3.95 × 10 -7 ), and Ni (1.11 × 10 -8 ) were lower than the threshold values range (10 -6 -10 -4 ). As indicated in table 9, for natural use, the noncarcinogenic health risk for children was higher than adults. The results of risk assessment exhibited that the highest risk value was related to ingestion of Pb. The order of non-cancerous HIs of metals in natural use was Pb > Cr > Cd > Ni > Zn in both children and adults. Pb (0.313) exhibited the highest risk value, whereas Zn (0.002) showed the lowest risk value. The HQs for children averaged 2.3-8.2 times higher than adults. The HQs and HIs for all heavy metals were lower than 1. The carcinogenic risk levels of these metals were < 10 -6 , with higher values attributed to Cr (5.37 × 10 -7 ), followed by Cd (5.82 × 10 -9 ), and Ni (2.42 × 10 -9 ). Thus, the carcinogenic risks for these three metals were lower than the threshold values range (10 -6 -10 -4 ), above which environmental and regulatory agencies consider the risk unacceptable, this signifies no cancer risk for natural use in Tehran city. Junhua et al. collected surface dust samples from 14 different sites in 5 different function areas in Maha Sarakham and Thailand municipality (7) . Function areas were classified as commercial, parking lot, residential, park, and traffic. The order of non-cancerous HIs of metals was Cd > Pb > Cu > Zn for children and Pb > Cd > Cu > Zn for adults. The HQs and HIs for all heavy metals were lower than 1, which indicated adverse health effects on children and adults exposed to heavy metals. However, surface dust was relatively light in Maha Sarakham city, and in terms of Cd, there was no cancer risk in Maha Sarakham city.
Conclusion
The non-cancerous risk was calculated for different land uses, and both adults and children.
The results of risk assessment showed that the highest risk value was related to ingestion of Pb. In all the selected land uses (green space, residential area, under construction, and natural), the non-carcinogenic health risk for children was higher than adults. However, the exception was in the case of residential area, wherein non-carcinogenic health risks of Zn in adults were higher than children. For children and adults, HI values decreased in the order of Pb > Cr > Cd > Ni > Zn in green space and natural use areas. In the residential area, HI values decreased in the order of Pb > Cd > Cr > Ni > Zn for both children and adults. As indicated, non-carcinogenic risks of Cd were higher than Cr and health risk of Cd increased in the residential area. A noteworthy observation in this study was that the risk of non-carcinogenic metals was slightly different in the two groups, and HI values decreased in the order of Pb > Cr > Cd > Ni > Zn for children, and Pb > Cd > Cr > Ni > Zn for adults. Thus, it can be safely concluded that Pb had the highest non-carcinogenic risk value and Zn had the lowest non-carcinogenic risk value. Regarding land use, only the non-carcinogenic risks of Cd and Cr changed. Among the carcinogenic metals, Cd, Cr, and Ni were analyzed for the land uses of green space, residential area, under construction, and natural. The carcinogenic risks of the studied metals were lower than the threshold values range (10 -6 -10 -4 ), which signifies nil cancer risk in Tehran city.
